Background: Real cardiac phantoms are often used to assess the performance of software for gated
with various settings of extent, severity, and position.
The aims of the present study were therefore to generate numerical cardiac phantoms of various geometries, and to check their adaptability to gated SPECT analyses. In addition, we assessed the usefulness of Myo-Simu in observing the properties of gated SPECT software.
Materials and methods
We generated a numerical cardiac phantom, which we namedMyo-Simu , using Microsoft Visual Basic 2010
Express on a personal computer（Core i7 CPU running Windows 7） . The image data of the phantom was converted to DICOM format and transferred to an image processor（Symbia_T16-Syngo MI applications VA60A, Siemens Medical Solutions USA, Inc., Hoffman Estates, IL） . Transferred images were applied to gated SPECT analyses using software consisting of QGS （Cedars-Sinai Medical Center, CA） , HFV（Nihon Medi-Physics Co., Ltd., Tokyo, Japan）and EXH （Sahlgrenska University Hospital, Gothenburg, Sweden, and FUJIFILM RI Pharma Co., Ltd., Tokyo, Japan） .
As indicated in Fig. 1 , the algorithm for simulating the heart comprises 7 processes. In the first process, the setting of X/Y radii, Z radius, valve position, and myocardial thickness is necessary to determine the endocardial surface at the end-diastolic（ED）phase （Fig. 2） . The shape of the left ventricle（LV）was approximated as a spheroid. After the endocardium at the ED phase was determined, we provided the changes in LV volume from the ED phase to each phase of the cardiac cycle. This procedure establishes the endocardial surfaces of all phases by assuming that the shape of the LV at each phase is similar to each other. The epicardial surface and wall thickness at each phase were automatically determined using the total myocardial volume, which remains constant throughout the cardiac cycle.
A perfusion defect was then placed, as determined using the start and end angles in a short-axis slice, the start and end slices in the long-axis direction, and the lesion-to-normal count ratio（Fig. 3） . The background activity was determined by giving the background-tomyocardial count ratio. We set the full width at half maximum（FWHM）of the convoluted Gaussian function to the original image to adjust the spatial resolution.
Poisson random numbers were generated based on the count（per pixel）at the myocardium to simulate count distribution with inclusion of statistical noise. By changing the combinations of the above parameters, we could obtain phantoms for various geometries.
In this preliminary study, background activity was not considered, and the percent uptake value of perfusion defects was set to 0. First, we generated hearts of different sizes and shapes by changing the four input parameters indicated in Fig. 2 . We obtained long and short hearts of different LV volumes. A perfusion defect was then placed on the inferior wall with the extent ranging from 50 to 170 degrees. In addition, we made a heart with two perfusion defects in the apical After setting the input parameters, measured volumes of the LV and myocardium, the cine-mode display of myocardial SPECT is shown in this panel.
Fig. 2 Parameters determining left ventricle（LV）size
The shape of the left ventricle was approximated as a spheroid. Four parameters are required to determine the endocardial surface at the end-diastolic（ED）phase.
Fig. 3 Setting of perfusion defect
A perfusion defect was simulated by using the start and end angles in a short-axis slice, the start and end slices in the long-axis direction, and the lesion-to-normal count ratio.
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Fig. 5
Myo-Simu images SPECT images were generated by Myo-Simu adjusting the LV volume to 200 ml（A）and 50 ml（B） . Long and short hearts with the ED volume of 100 ml are included in panels（C）and（D） .
（Ｃ） （Ｄ） long axial SPECT images generated by using MyoSimu. LV volumes at the ED phase were 200 and 50 ml in panels（A）and（B） , respectively. Long and short hearts with the ED volume of 100 ml are included in panels（C）and（D） . （B-2） , and 100%（B-3）under a constant FWHM of 12 mm. In this figure, the LV volume was set to 100 ml. 
Discussion
We contrived a digital myocardial phantom named Myo-Simuand generated various types of hearts by changing the input parameters of the phantom. Image data was transferred to the image processor to check the adaptability to gated SPECT analyses. We confirmed that the data was analyzed by using QGS, HFV,
and EXH without problems in operation.
A number of studies have assessed software for gated SPECT analyses by using phantoms. Kubo et al. 
Limitations
There are some limitations to the current study.
Because Myo-Simu generalizes the shape of the LV as a spheroid, it is not anatomically equivalent to the human heart. Furthermore, although we can freely select the values of EDV, ESV, EF, peak ejection rate（PER） , peak filling rate（PFR） , and so on, the spheroid shape of the simulated LV cannot be changed. Consequently, the phantom cannot be used to assess LV dyssynchrony because each part of the endocardial surface moves synchronously, preserving the spheroid shape. These 
Conclusions
We designed a digital myocardial phantom and confirmed its adaptability to gated SPECT analyses.
Because the geometry and motion of the phantom can easily be modified by changing the input parameters, it may be helpful to understand the characteristics of gated SPECT software by showing its responses to the change of a specific parameter（s）defining myocardial count distribution. Fig. 10 Effects of FWHM and wall thickness on QGS analysis Wall thickness was set to 12 mm and 8 mm in the left and right, respectively. The FWHM ranged from 0 mm to 30 mm in each condition.
